Introduction
============

Endovascular thrombectomy within 6 h has been shown to be effective for the treatment of ischemic stroke in patients with large vessel occlusion (LVO) of the internal carotid artery (ICA) or middle cerebral artery (MCA).^[@B1]^ Furthermore, the presence of sluggish or absent flow caused by intracranial occlusion of a parent artery was high in the Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands dataset.^[@B2]^ In such cases, endovascular treatment would also have been beneficial within this timeframe.

Two recent endovascular thrombectomy trials \[DAWN (diffusion-weighted imaging (DWI) or computed tomography perfusion Assessment with Clinical Mismatch in the Triage of Wake-Up and Late Presenting Strokes Undergoing Neurointervention with Trevo) and DEFUSE 3 \[Endovascular therapy (EVT) Following Imaging Evaluation for Ischemic Stroke-3\]\] reported benefits of thrombectomy performed up to 24 h after onset compared with medical therapy alone.^[@B2],[@B3]^ These studies predominantly included patients with intracranial occlusion of the ICA or MCA, and there is still no conclusive evidence for benefits of endovascular thrombectomy performed 6--24 h after acute extracranial ICA occlusion. Therefore, a retrospective study was conducted to elucidate the outcomes of endovascular thrombectomy at 6--24 h after stroke due to extracranial ICA occlusion using the Tama Registry of Acute endovascular Thrombectomy (TREAT) database.

Materials and Methods
=====================

Patients
--------

This was a retrospective, observational study using data from TREAT (UMIN-CTR: UMIN000026888), a multicenter registry of mechanical thrombectomy for acute LVO in the Tama area of Tokyo, Japan.^[@B4]^ Twelve of the 13 recanalization therapy-capable stroke centers in the Tama area participated in the study. The ethics committee of each participating hospital approved the study and waived the requirement for written informed consent because of the retrospective design. The survey covered 586 patients with LVO who underwent acute thrombectomy between January 2015 and December 2017. Occlusion sites in the ICA, MCA, anterior cerebral artery, vertebral artery, and basilar artery were included. All patients were retrospectively registered. All enrolled stroke patients received endovascular therapy at the discretion of attending stroke specialists certified by the Japanese Society for Neuroendovascular Therapy.

All eligible patients met the following criteria: (1) 18 years of age or older, (2) last known to be well 6--24 h before hospital arrival, (3) presenting with a baseline National Institutes of Health Stroke Scale (NIHSS) score ≥5, (4) pre-stroke mRS score of 0 or 1, and (5) ICA occlusion verified by magnetic resonance angiography (MRA) with absence of ICA. Treatment decisions were based on the NIHSS score, occlusion site according to MRA, and DWI-fluid-attenuated inversion recovery mismatch. Emergency thrombectomy was performed within 24 h after stroke onset.

The site of ICA occlusion was ultimately confirmed by cerebral angiography at each stroke center. Intracranial ICA occlusion was defined as the absence of the intradural ICA by cerebral angiography before performing EVT, whereas extracranial ICA occlusion was defined as the absence of the extradural ICA or cervical ICA by angiography and the resolution of cerebral blood flow by EVT at the same level of extracranial ICA. If angiography revealed occlusion at the level of the carotid bulb with clear presence of calcifications or plaque, atherosclerosis was considered as the most likely cause of occlusion. If occlusion was located above the level of the carotid bulb without calcifications or plaque and angiography revealed tapering of the blood flow, dissection was considered the most likely cause of occlusion.

Data collection
---------------

Demographic, clinical, and neuroimaging data were retrieved from the TREAT database. The following characteristics were gathered for all eligible patients: age, sex, vascular disease risk (including hypertension, diabetes, lipid metabolism abnormalities, and atrial fibrillation), medications, baseline NIHSS score, mRS scores (pre-stroke and 90 days post-stroke), MRA results, DWI-Alberta Stroke Program Early Computed Tomography Scores (ASPECTS), time last seen well to time of revascularization (delay to therapy), modified thrombolysis in cerebral infarction (TICI) score, symptomatic intracranial hemorrhage (sICH) at 24 h, and 90 day mortality.

Endovascular therapy
--------------------

For endovascular thrombectomy, a stent retriever (Solitaire, Covidien/ev3, Dublin, Ireland; Trevo, Stryker Neurovascular, Mountain View, CA, USA; and REVIVE, Johnson & Johnson, NJ, USA) or Penumbra MAX system (Penumbra Inc., Alameda, CA, USA) were available in Japan at the time. For carotid stenting, Wallstent (Boston Scientific, Natick, MA, USA), Protégé (eV3 Covidien, Irvine, CA, USA), and Precise (Cordis Corporation, Bridgewater, NJ, USA) were also available. These devices were used for the treatment at the discretion of the attending stroke specialist.

Outcomes
--------

The efficacy outcome included functional independence, which was defined as a mRS score of 0--2 at 90 days after the treatment. Patient mRS scores at 90 days were retrieved from the TREAT registry database and were initially determined by telephone follow-up or outpatient visit. In the present study, 90 day mRS scores of patients lost to follow-up were replaced by discharge mRS scores (scores of 3 and 4). The technical outcome of thrombectomy was defined by a modified TICI score as 2b (50--99% reperfusion) or 3 (complete reperfusion) according to the recommendation of Zaidat et al.^[@B6]^ The safety outcomes included 90 day mortality and incidence of sICH within 24 h post-thrombectomy according to the definition of the Safe Implementation of Thrombolysis in Stroke-Monitoring Study and European-Australasian Acute Stroke Study trials.^[@B6],[@B7]^

Statistical analysis
--------------------

Data from all eligible patients were analyzed. Continuous variables are shown as medians with interquartile ranges (IQRs) and categorical variables as frequencies or proportion of the total (%). Between-group differences in continuous variables were assessed by Mann--Whitney *U*-test and categorical variables by Fisher's exact test. Spearman correlation coefficient was used to identify associations between the evaluated parameters. All statistical analyses were performed using Prism version 6.0a statistical software (GraphPad Software, San Diego, CA, USA). A probability (*P*) of \<0.05 was considered significant for all tests.

Results
=======

Demographics and clinical characteristics
-----------------------------------------

Twenty-four patients (mean age, 77 years; age range, 55--91 years; 75% males), including 14 with extracranial and 10 with intracranial ICA occlusion, were enrolled in this study. The demographic and clinical characteristics of all patients are summarized in [Table 1](#T1){ref-type="table"}. ICA occlusion was confirmed by MRA in all patients. The median baseline NIHSS score was 17 (IQR, 14--21), and 63% presented with NIHSS score of 10--20 (moderate to severe stroke). Among patients with extracranial ICA occlusion, cerebral embolus was the cause in 6, atherothrombosis in another 6, and other causes in 2. The median DWI-ASPECTS was 7 (IQR, 5--8). The median interval between time last known to be well and hospital arrival was 601 min (IQR, 476--729 min). The median interval between imaging and arterial puncture was 49 min (IQR, 38--60 min), and time between arterial puncture and revascularization was 44 min (IQR, 28--89 min). Thus, median interval between the time last known to be well and revascularization was 721 min (IQR, 637--864 min). Clinical and safety outcomes are shown in [Table 2](#T2){ref-type="table"}. After EVT, 71% patients achieved 50--99% reperfusion or complete reperfusion (TICI score of 2b or 3) and 38% achieved the functional outcome criterion of mRS score of ≤2 at 90 days. Details of the mRS scores at 90 days are shown in [Figure 1](#F1){ref-type="fig"}. The rate of sICH within 24 h was 4%, and 90 day mortality rate was 8%.

Subanalysis of ICA occlusion
----------------------------

Among 24 patients, eight who had extracranial ICA occlusion due to atherosclerosis or other causes were categorized into Group A. Overall, 16 patients who had intracranial (*n* = 10) and extracranial (*n* = 6) ICA occlusion due to embolus were categorized into Group B. Although there were no significant differences in clinical characteristics, including age (78 vs. 78 years), median baseline NIHSS score (19 vs. 18), and median DWI-ASPECTS (7 vs. 6), a significant difference was noted in the median interval between the time that the patient was last known to be well and hospital arrival between the two groups (490 min in Group A, and 687 min in Group B). With regard to the median intervals of clinical course at our hospital, no significant differences were noted between the two groups.

With regard to first EVT in Group A, stent retriever was used in two patients (Solitaire, *n* = 1; Trevo, *n* = 1), aspiration catheter (Penumbra) in three patients, and other angioplasty in three patients. In Group B, stent retriever was used for first EVT in nine patients (Solitaire, *n* = 8; Trevo, *n* = 1) and aspiration catheter (Penumbra) in five patients. For second EVT in Group A, stent retriever was used in one patient (Solitaire) and aspiration catheter (Penumbra) in one patient, whereas in Group B, stent retriever was used in two patients (Solitaire *n* = 1; Revive, *n* = 1) and aspiration catheter (Penumbra) was used in four patients.

No significant differences were noted in safety outcomes, including the TICI 2b/3 classification rate (63% vs. 69%), functional independence rate (38% vs. 38%), and the 90 day mortality rate (0% vs. 13%), between the two groups. Only one case of sICH was encountered within 24 h after thrombectomy in this study cohort ([Table 2](#T2){ref-type="table"}).

Discussion
==========

The greatest challenge in stroke treatment is to restore perfusion within a critical time window before irreversible neural damage. As the time between stroke onset and hospital arrival is not controllable by physicians, defining the limits of this window for specific therapies is crucial for best possible outcome. The DAWN trial demonstrated that thrombectomy performed 6--24 h after onset still improved outcome as measured by functional independence at 90 days compared with medical treatment alone (48% vs. 13%).^[@B2]^ Therefore, endovascular thrombectomy for revascularization remains a high priority within the first day post-stroke.

The prognosis for patients with acute stroke and carotid artery occlusion is poor, with permanent disability reported in 40--69% of cases, death in 16--55%, and good recovery in only 2--12%.^[@B8]^ Furthermore, complete LVO, including extracranial ICA occlusion, accounts for 6--15% of acute ischemic strokes, and is associated with poor outcome and low revascularization rate if treated only by intravenous tissue plasminogen activator (IV t-PA).^[@B9],[@B10]^ Therefore, additional therapy is warranted.

The identification of extracranial ICA occlusion by MRA is difficult sometimes in acute stroke setting. A recent study has demonstrated that CT angiography can differentiate intracranial from extracranial occlusions, especially in terms of atherosclerotic or dissection.^[@B11]^ However, for acute ischemic stroke within 24 h, MRI/MRA is superior to CT angiography. Furthermore, approximately one-third of patients with an apparent extracranial ICA occlusion were determined in acute ischemic stroke, whereas the artery is patent by angiography during EVT.^[@B11]^ Although EVT is important in the treatment of acute ischemic stroke within 8 h, its role in patients with apparent occlusion of the extracranial ICA within 24 h after onset is inconclusive. Kappelhof et al.^[@B11]^ found that carotid stenting for extracranial ICA occlusion due to thrombosis or dissection resulted in higher recanalization rate (87%) and improved functional independence (68%) compared with IV t-PA. Duijsens et al.^[@B12]^ reported that the rates of recanalization and favorable outcome by EVT within 4 h were higher in patients with ICA occlusion due to progression of intracranial LVO compared with patients with occlusion due to thrombosis or dissection (83% vs. 60% and 50% vs. 40%, respectively). This study demonstrated that recanalization may be achieved both in patients with ICA occlusion due to thrombosis or dissection and in those with occlusion due to other embolic causes. Indeed, the recanalization rate by EVT within 24 h was similar between the two groups (63% vs. 69%). Furthermore, there were no differences in the recanalization rate between the first use of stent retriever and aspiration catheter in both groups.

We also found that the rate of functional independence at 90 days was 38%, 2.5 times higher than the rate of the non-treated patients with intracranial ICA occlusion in the DAWN trial. No significant differences were determined in sICH rate at 24 h and 90 day mortality between extracranial and intracranial ICA occlusion cases (0% vs. 10% and 7% vs. 10%, respectively). Therefore, the safety outcomes in our study were acceptable compared with the aforementioned studies. The clinical utility of endovascular thrombectomy at 6--24 h post-event in patients with acute stroke and an apparent occlusion of extracranial ICA on MRA was demonstrated in our study. Further investigation is needed to evaluate efficacy in patients with moderate infarct volume at presentation.

There are several limitations to this study, most notably the retrospective design and small number of cases. Other notable weaknesses were the use of a post hoc hypothesis and lack of a control group for comparison against endovascular thrombectomy. In addition, treatment and ischemic stroke subtype classifications are based on the discretion of the attending stroke specialist; therefore, the possibility of bias cannot be excluded. The outcomes were defined as mRS of ≤2 at 90 days after stroke and the 90 day mortality rate, and we did not investigate utility-weighted modification of the usual Rankin Scale because of the small sample size. Moreover, the patients with ICA occlusion treated within 6 h were not included in this study, and a subgroup analysis of the patients with LVO treated by thrombectomy between \<6 and ≥6 h is underway using TREAT database in other TREAT subanalysis group.

Conclusion
==========

In the TREAT database, endovascular thrombectomy performed 6--24 h after stroke onset seems to be beneficial in re-establishing perfusion and improving functional independence in stroke patients with extracranial ICA occlusion. Further large-scale investigations are warranted to determine whether the time window of endovascular thrombectomy can be further expanded for patients with extracranial ICA occlusion.
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###### 

Demographics and clinical characteristics of patients with carotid artery occlusion

  Variable                                                Total (*n* = 24)   Extracranial (*n* = 14)   Intracranial (*n* = 10)
  ------------------------------------------------------- ------------------ ------------------------- -------------------------
  Age, years                                              77 ± 8             77 ± 8                    76 ± 9
  Age ≧80 years, *n* (%)                                  7 (29)             4 (29)                    3 (30)
  Male sex, *n* (%)                                       18 (75)            10 (71)                   8 (80)
  Atrial fibrillation, *n* (%)                            12 (50)            6 (43)                    6 (60)
  Diabetes mellitus, *n* (%)                              6 (25)             4 (29)                    2 (20)
  Hypertension, *n* (%)                                   19 (79)            9 (64)                    10 (100)
  Lipid metabolism abnormalities, *n* (%)                 11 (46)            6 (43)                    5 (50)
  Medication use                                                                                       
    Antiplatelet                                          6 (25)             3 (21)                    3 (30)
    Anticoagulant                                         5 (21)             2 (14)                    3 (30)
    Statin                                                7 (29)             5 (36)                    2 (20)
  Pre-stroke modified Rankin Scale score, *n* (%)                                                      
    0                                                     19 (79)            10 (71)                   9 (90)
    1                                                     5 (21)             4 (29)                    1 (10)
  Baseline NIHSS score                                                                                 
    Median                                                19                 20                        16
    Interquartile range                                   14--21             16--21                    13--21
    10--20, *n* (%)                                       15 (63)            8 (57)                    7 (70)
  Type of stroke onset, *n* (%)                                                                        
    On awakening                                          4 (17)             3 (21)                    1 (10)
    Unwitnessed stroke                                    1 (4)              0                         1 (10)
    Witnessed stroke                                      19 (79)            11 (79)                   8 (80)
  Type of stroke, *n* (%)                                                                              
    Cerebral embolism                                     14 (58)            6 (43)                    8 (80)
    Atherothrombotic                                      7 (29)             6 (43)                    1 (10)
    Others                                                3 (13)             2 (14)                    1 (10)
  Imaging, *n* (%)                                                                                     
    MRI                                                   24 (100)           14 (100)                  10 (100)
  DWI-ASPECTS                                                                                          
    Median                                                7                  6                         6
    Interquartile range                                   5--8               6--7                      3--7
  Time last seen well to hospital arrival (min)                                                        
    Median                                                601                583                       712
    Interquartile range                                   476--729           480--677                  485--768
  Time last seen well to imaging (min)                                                                 
    Median                                                627                607                       730
    Interquartile range                                   495--756           492--697                  510--871
  Time from hospital arrival to arterial puncture (min)                                                
    Median                                                73                 72                        84
    Interquartile range                                   63--99             66--76                    63--103
  Time from imaging to arterial puncture (min)                                                         
    Median                                                49                 57                        52
    Interquartile range                                   38--60             36--84                    40--61
  Time last seen well to arterial puncture (min)                                                       
    Median                                                677                653                       758
    Interquartile range                                   551--795           544--752                  570--925
  Time last seen well to revascularization (min)                                                       
    Median                                                721                693                       783
    Interquartile range                                   637--864           634--814                  643--948

ASPECTS: Alberta Stroke Program Early Computed Tomography Scores, DWI: diffusion-weighted imaging, MRI: magnetic resonance imaging, NIHSS: National Institutes of Health Stroke Scale.

###### 

Clinical outcomes

  Outcome                                                Total (*n* = 24)   Group A (*n* = 8)   Group B (*n* = 16)
  ------------------------------------------------------ ------------------ ------------------- --------------------
  Modified Rankin Scale score at 90 days, *n* (%)                                               
    0--2                                                 9 (38)             3 (38)              6 (38)
    0--3                                                 12 (50)            4 (50)              8 (50)
    4--6                                                 12 (50)            4 (50)              8 (50)
  Grade of 2b or 3 on TICI scale, *n* (%)                16 (67)            5 (63)              11 (69)
  Complication                                                                                  
  Stroke-related death at 90 days, *n* (%)               2 (8)              0                   2 (13)
  Symptomatic Intracranial hemorrhage at 24 h, *n* (%)   1 (4)              0                   1 (6)
    HI-1                                                 7 (29)             2 (25)              5 (31)
    HI-2                                                 1 (3)              0                   1 (6)
    PH-1                                                 0                  0                   0
    PH-2                                                 0                  0                   0
    RIH                                                  0                  0                   0
    IVH                                                  0                  0                   0

HI: hemorrhagic infarction, IVH: intraventricular hemorrhage, PH: parenchymal hematoma, RIH: remote intracranial hemorrhage, TICI: thrombolysis in cerebral infarction.
